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INTRODUCTION

1n responding to a domestic confrontation situation, Army porsonnel armea with
conventional munitions incur @ certain risk that their intended restrained response
may, Hirough either happenstance or isolated malevolence, be uncontroliably es-
calated. There is, therefore, the necessity 1o have a less diastic response capability
(one purposefully less-than-lethal) for those situations for which death would not be
an appropriate deterrent,

The objective of this pregram was to develop spherical projectiles containing water
or other liquids for less lethal applications. Additional effert on the less lethal
area was 0’50 conducted under LWL Task 01-F <72, Less Letha! Ammunition for Small
Arms. This development effort is described in LWL Technical Report No. 74-17.
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In the beginniag of the US Army Lond Warfare Labe atory's (USALWL) study to find
an acceptable means of quelling civil disturbance, personnel of Mobility Branch,
USALWL, en isioned the use of discrete encapsulated slugs of watar lounched ot
moderate velocity to accomplish a relatively noninjurious desirable effect.

R I

3-Inch Diameter Liquid 3all

Both Government and contractor personnel pursued the concept of discrete slugs of j
water in frangible spheres. A child's toy bail, the "Biue Bird"” boll, available 7
locally, was chosen for the candidate sphere. Under fundirg from USALWL Task
10-M-71, the contractor, AA| Corporation, Cockeysville, MD, prosecuted develop-
ment of a less-lethal projectile using the 3-inch diameter toy bail as a basis. The
ball material was ethylene vinyl acetate. The hall, having a skin thickness of from
0.030 inch to approximately 0.090 irch at the seam, was scored to a depth of 0.025
irch, filled with water, ond glued to a cupped cylindrical styrofoom and homosote
sabct for retention purposes (See Figure 1),

This assemblage wos designed to be fired from an existing launching system vended
vy the service contractor for firing their 3-inch diameter riot agent dispensing
grenade (See Figure 2). This existing system is composed of a standard 12~gauge
riot gun, an L-110 launcher, and o tangent sight mounted on the riot gun, The

launch s powered by o C-200 blank cartridge, aho vended by AAi Corporarion.
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In 1971 USALWL requested the then-operational US Army Smoll Arms Systems Agency
(SASA) to have the Biophysics Laboratory at Edgewood Arsenal perform comparative
l hazards studies to assess the probable worth of further effort on the 3-inch diameter
Liquid Bali (at that time referred to as the Water Ball). The Edgewood Arsenal study
consisted of & series of shots at gelatin filled skulls and liver and lung organs of goats
and baboens. Test projectiles vere the Rubber Bullet, o device used by the United
Kingdom; the Stun Bag; ond the USALWL Water Ball. The UK Rcboer Bullet appeared
hazardous to a range of approximately 63 feet (difficult to pinpoint exactly dus to
erratic velocities). The MBA Stun Bag appeared hazardous to a range of 85 feet.

The results fiom the USALWL Water Ball, however, were more encouraging and
b indicated hazard to only about 7 feet. (Refer to Edgewood Amenai Biopnysics Lobor-
ctory Rzport EB-TR 73054, by Heieck and others.) SASA recommended further work
on the liquid-filled frangible sphere due to its relatively low hazord.
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1 The concept was pursved furtt 5y Munitions Branch, USALWL, which was then ‘ ‘
engaged in evaluation of salient commercial less-lethal munitions and certain other

] new concept items. To determize quickly that optimum size of Liquid Ball which ‘
was most effective and least damaging, it was decided to investigate the tactical,
flight, and impaci characteristics of three different sizes. The sizes, corresponding




IMCHES
Less-Lethal Liquid Ball, 3-inch Diameter

Figure 1,
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to ovailable launch mechanisms, were those which would fit 12-gauge, 40mm ond
3-inch guns or launchers. Because of the environmental considerations associated
with milirary items, the filler material (100% water} had to be replaced by a

liquid which would not become solid (and lethal or unusable) when stored at ex-
tremely low temperature prior 1o wse in @ northern CONUS location. Of the various
cardidate fillers, o mixture of glycerine and water appeared best to permit low
tempergture storage and tactical employment, to insure a minimum of public objec -
tion, to prevent harmful physiological effects to user and target, and to minimize
certain risks if the munition were a candidate for adoption into the Army inventory.

A work assignment under an existing contract with AAl Corporation was executed
for fabrication of 500 of the 3-inch diometer Liquid Bulls having the improved
filier. The controcter provided a 60% glycerine and 407c water filling for the
scrrated balls. Specific gravity of the mix was about 1.2, The weight of the filled
boll wos 265 grams + 3 grams. The contractor also provided drawings (see Appendix
A). The depth of the two normal diometcal serrations was kept at 0.025 inch. The
burst energy of sample projectiles was abeut 3,5 foot-pounds. Because of the laige
variation in shin thickness in the balls, this burst energy figire was variable.

Loading end tiring the launch system for the 3-inch diameter is clumsy and time -
consuming--o toctica’ disadvantage. The sequence is os follows:

1. Plcce the butt of the gun on the ground and, qrosping the L-110 Launche o
the rict gun barrel to steady it with one hand, insert a Liquid Ball inte the mouth of
the launcher with the other hand. Press firmly down on the Lig.id Rell forcing the
sabot to engrave into the rifling ot the la incher bore.

2. After raising the gun to waist height and holding the gun korizontal ar the
balance with the left hand, place o blank cartridge into the chiamber with the right
hand. (The shori biank €-200 cartridge must be manually loaded far reliable
operution.)

3. Shoulder the louded and charged launcher and riot gun and then sight ard
tire.

Because of the care required to avoid ruptuiing the ball while forcing the sebot tc

engrave into the rifling, a rate of fire of only obout 3 shots per minute was experienced.

40mm Liquid Ball

Another work assignment under he same R & D contract provided for d - elopment
of 3 40mm version of the Liquid Ball. The final design is shown as anr assembled
cartridge (see Figure 3). The bell itself is a serrated glycerin and water-filled
ping-porg ball. This celluloid typ2 ball material is 0.015-inch thick and is
serrated on two normal diameters to a depth of 0,010-inch for ecsy fracture upon
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Figurc 5, 40-mm Liquid Ball Carcridge (cutaway)
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target impact. Impact fracture consumes about 9.7 foot-pounds of energy. (Refer 1o
drawings in Appendix B,)

12~Gauge Liquid Ball

A 12-—gsuge Liquid Ball was designed, fabricsted, and tested by USALWL
The projectile bad the folluwing characteristics:

length - 1.08 inch

diameter - 0.67 inch

ogive - spherical

jacket thickness - 1).0483 inch

base plug length - 0.25 inch

jacket material - siticone elostomere RTV-602
filling - glyceiin & water

weight - 5.5 grams

Pollowing preliminary tests, 1t was determined that o vommercrally -
smarlanle marking pellet could be used te economycally provide 10 oye
test Jdata.  lThese pellets nad a thie skhan composed of zelatin and vlyveeries
and tney were falled witn a lead-free ovl-based paint. The specitiy
pravity of the parnt was 12, virtually adentrcal to that ot the offdo
Flycerine/water miy ased an the other ligquid balls, These pellers were
srocured trom the Nelsor faint company , fTron Mountave, “hichipan dusol,
These “Nelwon Marking Pellets” were fired from a 12-puge (260 riot g
and tror a UNel-spot veT T (U, marking pistol.
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turget impact. Impact fracture comyumes about 0.7 foot-pounds of energy. (Refer to
drawings in Appendix B.)

12-Gauge Liquid Ball

A 12-gauge Liquid Rall was designed, fabricated. and tested by USALWL
The projactile hed the following characteristics:

‘ength - 1.08 inch
diameter - Q.67 inch
ogive - spherical

jocket thickness - 1.083 inch
base plug length - 0.25 inch

jacket material - siricone elastomere RTV-602
filling glyceiin & water

weight 5.5 grams

tollowing preliingry tests, 1t wis determined thiat a comrercially -
arlanle rarhang pellet could be used te economoally provide 1.0
test Jata,

e
lthese pellets qad a thin skin composed of gelatin art viveerie:
and tney were filled witn g jead-free o1l-tased naint. the specie

RTavity of the parnt was ]2 virtually adentical to that
plycerine/water miv used an the other liguid halls.  lhese pellets were
procured trow the selsor Fiant Company, Iron Mourtasr, “hvkrgan bese],
Ltese UNelson Markang Pellets " were tired from
damdd from i UNel-dSpot vt LU marking pistol.
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WEAPON SYSTEM FIRING TESTS

PRare Ry e S

Firing tests by the H. P. White Laboratory, Belair, MD performed under contract
DAADO05-72-C-0532 yielded information on the following:

. accuracy at ranges of 6.4, 20, 35, 50 and 70 meters
stress—condition accuracy at 35 meters

cold temperature storage and firing characteristics
. gross effect of cross-wind
maximum range

o DN —

Ceatractor reports on results of firing tests of the 3~inch diameter, 40mm, and
12-gauge Liquid Ball, are located in Appendixes C, D and E.

IMPACT TESTS

Munitions Branch, USALWL, funded physiclogical testing of th. three Liquid Balls
through Biological Sciences Branch, USALWL to AAT Corperation. Physiological
testing was completed in September 1973. Refer to LWL Technical Report No. 74-79
"The Etfecis of Less Lethal Projectiles.” This report, which is in preparation at this

time, will provide informaticn on impa=zt damage done by various grojectiles.
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KESULTS & CONCLUSIONS

1. Weapon systems firing tests indicate that the accuracy characteristics of the
Liquid Bails in existing launchers would pemit consistent hits on a designated
individual at a range no greater than about 20 meters.

2. Pcor eccuracy appeared to be in part due to viscous shear of the liguid
filler in the larger balls, At low temperature when the filler became relatively
inviscid, the accuracy improved.

3. Moximum range for employment in volley fire against crowds would be
slightly over 100 meters for the 40mm ond 3-inch diameter Liquid 3all systems as
tested. Maximum range for the 12Z-gauge Liguid Ball system tested was about 65
meters.

4. The present launch system for the 3-inch diameter Liyuid Ball is operationally
unacceptable due to its low reloading rate. Use of a more rapidly reloadable
launcher, severcl preloaded throwaway launchers, or vse of the balls in @ multiple -
shot launcher (possible vehicle mounted) could overcome this problem; however its
utility would still be limited by aiming and accuracy considerations.

5. The present hard nylon sabot for the 40mm Liquid Ball makes this particular
configuration hazardous.

6. Impact test results available to date indicate the 3-inch Liquid Ball
exhibits less hazard to test targets than the smoller sizes of balls for the same level
of energy.




RECOMMENDATIONS

1. When additional evaluated information on damage phenomena associated
with blunt trauma for the Liquid Balls and certecin other items developed under
Task 01-F-72 becomes available, i1 is recommended that the Parent Agency (ARMCOM)
consider thiy and cther dato and devzlop a program to provide the US Army with a
less letha! munition, system which will maximize desired safe effects (possibly those
cssociated with the 3-inch ball) and minimize those undesirable tactical, safety,

and physical characteristics (some noted in this report) which preclude successfui
system use.

2. Should the parent agercy determine (upon evailability of this evaluated
information) that @ 3-inch liquid-filled sphere would present thie best combination
of desirable effects and minimurn undesirable characteristics, it is recommended

that a projectile be designed with internal ribbing to immobilize the liquid and
thereby provide better accuracy.

3. Use of a softer ball material such as silicone elastomer RTV =602 for oti.er

inert ‘rangible elastome: having hardness of around Shore A 20) is recommended te
preclude unrecessary laceration of sensitive tissue,

e mmiat anaer M
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APPENDIX A
3-Tnch Liquid Ball

(Drawvings)
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SECTTON T, SCOPE OF WORK

1. OBIECTIVE
The objective of these tests was to provide the external hallistic data

necessary 1o assess the ballistic performance of the  5-Inch Ligquid Ball  less
lethal anmunition,

2. A RIALS
Toe following materials were used in the conduct of this test progra:
ab o 3=Inch Liquid Ball  dess lethal projectiles (~cee tigure 1),
L) Blank Propelling cartridees (Model ¢200) (see Appendix Doand Frgoee 1),
cpooML200 12 Gauge riot cun (Scrial Noo LTS,
Jd) o Launcher, Modod L-110,

Miscel lancous range and photographic cquipment {see Appendix ).

O TSR [ AR B S Y I

Twonty-four (21 rownds ot 3-Inch Lugoad Ball ammunitien were fired on oo
snstrapentaed indoor ronge 1o detemine velocity, accuracy, nuszle exit phenomena,
relathve mpact characteristics and the effect or shooter stress on accuracy.

Pen (o) roands were fived onoan vutdoor ringe to determine miaaiman range and
panvimwn effective hitting range when the projectiles are subjected to environnent.al
vartables such as winde Three (3) raunds were fired to detennne the effect of
cold temperature firing.  (sce Table 1)
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Figure 1. 3-Inch Liquid Ball and Model C-200 Blank Propelling Cartridge.
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SECTION 11, PROCEDURE

1. VELOCITY

o VRIS WO R, S

a) The velocity of twenty-four (24) rounds of the 3-Inch Liquid Ball
projectiles was derived from data collected by crecting lumiline
screens 5,06, 8,00, 14.% and 17.9 feet (1.54, 2,46, 4.54, and 5.46
meters respectively) from the muzzle of an M1200 riot gun (with
launcher attachment) fired from the prone/rest position. The
outputs of these screens activated time interval counters from
which the velocities at 2 and 5 meters from the muzzle were
calculated.

Velocity of two () of the 3-Inch Liquid Ball projectiles was calcu-
lated from datu extracted from high speed motion pictures of the
muzzle and initial few feet of projectile flight recorded by lémm
Fastax motion picture caneras positioned 4 fect 8 inches to the right
of the Iinc of fire and 9 inches in front of the muzzle. The {ilm
speed, used to compute the projectile velocity, was determined from
tining marks on the {ilm created by a time pulsc generator,

2. PRAJECTILE ENERGY

Projectile energy of the 3-Inch Liquid Ball projectile was calculated by
applying the unfired projectile weight and the velocity data derived per 1,
above, to the standard encrgy formila--

,
Kinctic Lnergy - (1/2) Mv©
]

-

3.0 ACCURACY

fhe accuracy of the 3-Inch Liguid Bull aamunition was determined from
mmpact data on a target constructed of 2" x 4" wood backing, 1/2-inch thick
flomisote and faced with paper.  The accuracy of the anmunition was determined
by measuring the horizontal and vertical dispersion from the aiming point on
the tarpet.  Standard deviations in the x and y directions and the mean radius
were caleulatred.

1. IMPACT CHARNCTERISTICS

Indentations in the Homasote, produced by cach projectile impact, were
measured using a depth micrometer and the average indentation was calculated.
Indicutions of projectile attitude at impact were observed and noted. These
data were collected from the target when positioned 0,4, 20, 35, and 50 meters
frorm the mazile of the prone/rest fired MI20O riot gun and lawcher.




5. EVHECT OF SHOOTLR STRESS ON ACCURACY

Three (3) shooters fired five (5) rounds cach at an anthropometric
silhouctte target positioned 35 meters from the shooter. In order to induce
stress, cach shooter was rold that he would have an average of 4 seconds
(varving from 3 scconds to 5 scconds) to shoulder the 1200, sight and firce
at the target. This timing was accomplished by utilizing a caidboard shicld
which obscured the shooter's view of the target before and after each shot.
No warning was given before the shield was raised and the time interval
started, The coordinates of each shut in relation to the center of the
chest area of the silhouctte were recorded. Whether or not a hit had been
scored on the man-size silhouctte was recorded and any hits in critical arcas
(eroin and eyes) were noted, Standard deviation of the x and y coordinates
and the mean radius werce calculated from these data.

O, SAXIMUM RANGL

The MI200, with its barrel clevated 30° from horizontal, was fired from a
bench rest on a 400-meter outdoor range. After cach shot, the distance the
nrojectile traveled before its initial impact with the ground was measused
as well as the deflection right or left of the line of sight.

-

SMANEMR BFFECTIVID HITTING RANGE

Ilie launcher cquipped M1200 was bench rest fired at an anthropometric
s1lhouctte target positioned 35 meters from the muzzle, After four (4)
firings without scoring a hit on the silhouette, the target was moved to
20 neters from the muzzle for the remaiaing 3 firings, Wind velocity at
cach firing was measured using a iwyer 'hind sleter.”  Silhouctte target
hits and misses, inpact coordinates, and {light time from muzzle to target
(timed by stop watch) were recorded.  Estimate of maximum effective hitting
range was the average of three (3) observers opinion of range at which
tactical hits could be expected under test conditions.

8. COLD TEMPLRATURLL FIRING

Three (3) of the 3-Inch Liguid Ball and three (3) power charges were stored
at -45°F for 24 nours. They were tnen stored for one additional hour at 0°
mmnediately before being tired from the machine rest mounted M1200 riot gun und
Tauncher.  huach shot was remotely fired. The fired cartridge case, M1200, and
launcher were exanined for damage after cach shot.  Impact coordinates and
the indentation in the "Homasote' f{aced target were measured und recorded.
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9. MUZZLE EXTT PHENOMENA

——— e A

Three (3) 3-Inch Liguid Ball projectiles were photogriphed as they exited
the muzzle of the launcher. Two (2} rounds were photographed using two (2) lomm
Fastax iligh Speed Motion Picture cameras simultuancously. One Fastax camerd was
positioned perpendicular to and 4 feet 8 inches from the 1ine of fire, 9 inches
forvard of the muzzle., he other Fastax camera was positioned 38.3 fecet forward
of the muizzle, 3 fect to the left of the line of fire and {focused on the muzzle,
Both cameras ran at a nominal 4000 frames per sccond,  The thiid round was
photograpned using a Linhof 4" x 5" camera positioned 4 feet to the right and
1 toot in front of the muzzle. Four (4) General Radio "stroboslave recycling
flash units were pulsed at L0013 second intervals for a tlash duration of 000005
sceonds each,  These strobes provided four (4) exposures of the projectile within
17 inches of the muzzle. Projectile muzzle exit was studied by examining the
losmn high speed motion picture film and enlargements of the 4" x 5" microflash
photoyraphy (sce Flgure 2).

1o, SARETY

In addition to nomul satety provedures followed Juring firing,
personnel were required to wear respiriatory protection during conduct of
the test to preclude inhalation of any small droplets of the glyeerin and
wiater mix in the projectile which might have been aerosolized upon target
Lipict,
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SCCTION III. RESULTS

1. VELOCITY
Table II is a summary of the velocity data contained on the data sheets
of Appendix A.
TABLE II. RESULTS OF VELOCI1Y TESTS {f.p.s.)
3-INCH LIQUID BAL4.
Muzzle** 2m* Sm*
(2 rds) (21 rds) (21 rds)
Max imum 116.0 145.8 143,06
Minimun 168.0 110,7 93.2
Average 112.0 129.8 125.0
*Lumiline screens/time interval counter 1
(accuracy ¢ 3 f.p.s.) 3
**High Speed Motion Pictures
{accuracy + 20 f.p.s.)

2. PROJECTILE ENERGY

Table III is a summary of calculations based on the data contained in
Appendix A.

3reaian: T

TABLE III. PROJECTILE ENERGY (ft-1lbs)
} 3-INCH LIQUID BALL

:
Muzzle 2m 5m 3
(© rds) (21 rds) (21 rds)

Max imsn 127.° 200, 9 1949 ;

Minimon 116,53 115.9 B2, 1 «

Average 118.8 100,3 150.7 §
i
|
'!
:
|
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FCCURACY

T

RO T A A

TR Ty

gt 3 ad L A R

RIS ~ T T TR

Table IV is a summary of calculations bused on the data contained in
Appendix A.

TABLE IV, RLSULTS OF ACCURACY TESTS
3-INCH LIQUIIY BALL
Group Center Lxtreme —Standard
Target (from point of aim) Spread Deviation Mcan
Distance (in,) {in.) (in.) Rgdxus
(meters) X y X y X y (in.)
0.4 -0,2 -1.5 3.8 12,1 27.0 23,3 3.0
20 -8.1 -02,0 7.0 24.3 9.9 | B.o 11.1
35 'l"mjoctdf')' would not perif hits ﬂh“ 8'XB' target

4. IMPACT QIARACTERISTICS
Table V is a swmary of calculations based on the aata contained in
Appendix A.
TABLE V. INDENTATIONS OF [ior\sOTE
3-INCH LIQUID BALL
Target ~ Average Mininran Maximum
Distance Indentation Indentation Indentation
(meters) (in.) (in.) (in.)
0.1 014 0 LURY
20 { U )
35 Trajectory would! not permit hits ¢n 8'x8' tarpet,
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o LFFECT OF SHOOTER STRESS ON ACCURACY

Table ¥1 is a sumary of the calculations based on the data contained in

Appendix A,

NOTE:

The clevation required off the M1200 in comyunction with the

Large dianceter of the launcher attachment obscured the tiarget
Therefore, all subseguent firing at ranges

trom the shooter.
of 20 meters or more were conducted by using a point of aim

well above the target,

g

TABLL VIL SUMMARY OF STRESS TEST ResUs
S-ENCH LIQUTD BALL, TARGEHT 35 MRS

T Group center Txtrome Standard T '
!from point of aim) Spread Deviation | Mean | Total Hits{Hits an :

' {in.) (in.j (in.) Radius on tritical
shooter A v A v y v | (in.) | Stlhouette; Ared L

A =08 SR TC IR B IS AR B B 2. 9,0 U 0

i | +23 =240 : Su,0 | vo, .0 34.8 1 0 :
C ! +28.3 -7 ‘ US| 30000 129 24,2 U 0 :
| ' |
e . ;

0. MANIMPN RANGE

Table VI 18 G oswmary of the Jdate contained in Appondiy AL

TABLE VL.

MAXIMUB RANGE

S-INCH LIQHTD BALL

distance
Uilt‘tL‘fSJ

Defelection
(metersi

I
[

'

Mixmun
S

Average

117.5
J1.0

105.5

lo-right
2-left {

6,7-r1ght J




T MANIMM EFFECTIVE HEFTING RANGE

Fable VI is a sumary of the data contained in ppendix A,

TABLE VELE. SANIMUSL EBFEECTIVE BEPEENG RANG,
3<INCH 1 TQUID BALL

Tupuact Terage -
Coordinates Waind Flight
(in.) Velocity Time
A v Hits (m.p.h.) (seC,) Remarks
TARGET DISTANGE 35 METERS (3 ROUNDS)
IS LR Ut 0 4.a-10,5 0.u* 3 of 4 projectiles
- impacted ground at
' 30-31 meters.
TARGET DESTANCE 20 METERS (3 ROUNDS)
0 -35,9%% 2 10,0-11.0 (), 3*%

] projectile impacted
ground at 18.5 meters,

*one round on'y.
¥ wo rounds only.

(=

It was the opinion of the three (3) observers that the maximum range at
wiich tactical hits on g oman could be expected was approximately 20 meters,

S. ol TEMPERATURL FIRIAG

The Taancher equipped MLP200 was machine mountoed and aimed at a point
130 inches above the Tloor at 35 meters from the muzzle. Al three (3)
rounds impacted the floor before reaching the target at 35 meters,  No
annonmalities were obscrved regarding the Tauncher, M1200 Riot Gun, or
toe fired cartridge cases,

Projectile filler (007 alveerin, JO7 water) appeared to be inoa solidd
state at fapact.  Dispersal characteristics appearad to be approximately 35
silal Ter than those of | rojectiles at room temnperature,  Due to the poor
accuracy at 35 meters, no appreciable difference could be detected between
the projectiles at room temperature and those at redoced temperatures,

L
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9,  MIZZLE EXIT PHENOMENA

The muzzle oxit of three (3) rounds was recorded photographically —two (2)
with ltmm high speed motion pictures and one (1) with recycling microflash.
Analysis of the high speed motion pictures revealed;

) The projectile of Round No. 20 assumed a 9° yaw attitwde immediately
after clearing the muz:cle,

h)  The projectile of Round No. 27 was distorted throughout the field of
view of the camera (approximately 18 inches of linear travel).

¢) The velocitics of the projectiles from Round Nos. 26 and 27 were
116.0 and 108.0 feet por second, respectively.

The projectile from Round No. 25 which was photographed with microflash
cquipment is obscured in what uappears to be a combination of muzzle gas and
particles of the styrofoam portion of the projectile. The degrec of distortion ]
and/or yaw (if anyj 1s, therefore, not discernable (sce Figure 2 ). (Note:
Exteading the interval between the strobes of the microflash system and
increasing the field of view of the camera in any subsequent firings of this
projectile at this velocity should result in one (1) or morc exposurcs of the
projectile after it has cleared this muzzle opacity.)

O el
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OBSERVED DATA

MAXIMUM RANGE

M1200-Launcher 3-Inch Liquid Ball
Barrel Elevated 30°

Date: 5 February 1974

Tenperature: 30°pF, variable
cross wind (left to right)

: , = '
. Round No. Range I Deflection Remarks i
(meters) ! (meters) -

! i | |

43 : 91.0 t.U-right Broke on impact with ground. :

4 ! 11-.5 ! 2.0 Jeft Broke on impact with ground.

1o,6-right | Broke on impact with ground.
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JBSERVED LATA

COLD TEST
ML1200 Launcher 3-1nch Liquid Ball

hate: 12 February 1974
Ammunition: Stored at -15°F tor 24 hours,
Stored at 0°F tor 1 hour immediately betore firing.

Machine rest, lanvard fired
Target: 35 meters
Alming point: 100 inches high

Round Indentation
No. (in.) {in,) (in.) Remiarks
Jo -- -- -- Hit flooi dt 25 meiers.,
i
- | . -

3 -- - -- ilit floor at 32 meters.,
| 18 - -- -- Hit floor at 35 meters,
i bounced to target,

i 1 1
C-a

i cadd A B




JpsedVi) - DATA

JAXTE L EFFECTIVE BLATTING RAKGL
MIZ00 Loancher 3-1nea Ligquid hall

gate: 1 March 1974

viartable cross wind
right to leit

GTeaperature: 457F,

Tmpact | T .
Coordinates |Silhouctty wind Flight | Frojectile
Rl (in.) it/ Piclovity Time hWerght l
}“}___' \ 3 Missed jogmap.h.) (seda) 0 e Remarhs |
i FARGE L TS TANCL 35 MLTERS
toh - - Missed gL - 107501 !mt sround at 3l
i !
boad - - Hssad la - 475001 él!!! groud ot ot
' ! 1 : :
51 pohho Sde o dhssed 1,0 0. 1258 :
! !
) % - - o Miasd s - : da5U, 5 l it growd at St
! 1 . B
i i ' I ]
FARGE T DESTAGUCL 200 MUTERS
i ! 1 ~Jo,a il UMY .5 HERTE I
L TS ITURY 0.3 1300, )
SO l' - - Ml asca 1.1 - 1o, Tt sround at 16,5
‘.. [ ,..-___..,...J« ______ Y S ot ﬁl 1
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CALCULATED DATA

ACCURACY

3-Inch Liquid Ball
0.4 Meters

Round No. Coordinates Calculations Radius
(in.) {in.)
|
l x y (x - x) ty - y)
1 +].5 -6.5 2.84 25.0 5.3
! 2 23 3.4 4.41 .00 2.8
1
l 3 0 -3.8 0.04 5.29 2.5
i
E 1 0.8 5.0 1.0 50.41 7.2
3 0.8 a 0.36 2,25 1.6
i o ! -1.2 -1 1.0 u.1o 1.1 ;
1 i I J
! - ! +i. 2 -1.5 ' v.16 0 0.4 :
! P S —— |
X { !
i i !
| , j
? | :
| | | .
i i |
; i ‘
t
! ! j
: 1 [ '
[ | | ‘ .
| : |
: | I
l ! : ‘
|' | T
. . f ! Lin I (in.)
i ! A
i STabll (Vo akey Ll bl - l' - 1.t | 3.9 I -.-
i | |
i Mean U S P IS | | 3.0
i i !
Extreme Spread 5.8 ‘ 121 ! I .- I N
| | | J

L




CALCULATED DATA

ACCURACY
3-Inch Liquid Ball
20 Meters
. . l
Round No. Coordinates Calculations Radius
(in.) (in.)
-2 -2
X Yy (x - x) G-y ]
9 -2.0 -57.0 37.21 25.0 7.9
10 -7.6 -57.6 (.25 19,36 4.4
11 +1.7 -59.0 96.04 9.0 10.2
12 -17.8 -58.6 94.09 11.56 10.3
135 -25.3 -61.0 295.84 1.0 17.2
15 0 -59.6 65.61 5.76 8.4
Lo 0.0 | -81.3 4.4 372.49 19.4 |
‘
'i
X v
(in.) {in.)
Standard Deviation --- --- 9.9 8.6 —--
Mzan x= -8.1 [|y= -02.0 --- --- 11.1
] Lixtreme Spread 27.0 24.3 .- .- .-
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CALCULATED DATA

e e e o s et o = e —nn = e & = e e s

ACCURACY
Timed Fire
3-inch Liquid Ball

Rourd No. Coordinates Calculations Radius |
(in.) (in.; .
-2 -2 i
P y (x ~ x) ly - y) :
33 f19,0 | -44.0 | 278.89 400. 00 0.1 |
34 -9.5 | -45.3 | 13450 | 455.09 | 4.3 |
35 -25.5 -d40.1 772.84 488.41 35.5 %
30 +24.5 +50.0 492.84 5476.00 77.3 i
37 +2.9 -34.8 0.36 110.04 10.8 i
{ i
; .

{ 1
| | i
] . i
i
|
' |
]
i
|
i
. ! :

! t

| ! i
! |
1 1
!
1 | 1

X ¥ |
! (in.) (in.) | !

| _
|
Standard Deviation --- 3 - 20.5 41.0 ! oo i

Mcan k= 42,3 = -24.0 - - 348
i i
iatrome Spreud 50.0 96.1 - - | ——-




CALCULATED DATA

ACCURACY
Timed Fire
3-1nch Liquid Ball

; |

!' Round No. Coordinates Calculations ¢ Radius :
i (in.) _ | (in.) i
! i I -2 -.2 ]' ;
: ! X iy { (x-x)7 0 (y -y) ' !
| | | " |
: 38 -20.3 ;~42.0 2361.96 l 25.00 | 48.9 I
! | ' |
! 39 270 |-l Lo sae | e !
: i : 1 :
: 40 | +.3 | -a000 256.00 | a9.00 1 i7.s ;
i : ! | [
: 1 i #0001 =70,0% | 130,89 | 52900 | 25.8 |
I : .
) | | | ! !
! AN 1 +50.5 -41.9 492.84 26,01 | 22.8 |
' ! ' 1 + 1
f ; +— i .
l ! | |
. ! i i
! | I :
! | ! !
5 - : | I
5 ! | | i :

[ i { i
- | ! ! | i !

Z | i | :
, ; | | !
. ! ! ! ! ;
| : ; | | [
: *\pproximately | ! I ' I f
| E | i | ?

| | | | | |
. ' t 1 '
. = A |
. X ; in.) ! in.
: | | | tin-) i tun-) |
: ! l : ! | |
' Standard Deviation i - . -—— 28.5 12.9 ! .- i
. I s | i
" vean |x= 28,3 ly=-47.0p --- i A
| : | 3 - | :
' Ixtreme Spread ; 70.8 1 30.0 SR --- to - i
| ' | ! L __l
L IL l | L

g
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TEST INSTRUMENTATTON
EQUIPMENT AND MATERIALS

Ochler Model 41B Chronotach, calibrated at factory in May 1973

tlectronic Counters, Inc. Model 4010 Velocity Computing Chrouograph,
valibrated at factory in June 1973

Ochler Model 35 Lumiline Screens

Fastax lomn High Speed Motion Picture Cameras

Wollensak Model 3106 Time Pulse Generator

tColortran 1000 Watt Lights

Wollensah 1000 Watt Lights

100-1oot Rolls Kodak pktachrome (7242) lomn High Speed Film (GFE)
100-foot Rolls Eastman bouble-X Negative (722) 1omn High Speed Film
Vanguard Model loC Motion Analyzer

General Radie Type 1539 "Stroboflash' Microflash

teneral Radio Model 1541 Multi-Flash Generator

Linhof 4x5 Camera with RKodak 4.5, 135mn Lens

Royual Pan 4" x 5" Cut Film, Type 4141

Various darkrooa and pnotographic equipment

100-meter indoor range having ceiling height of 12 lect

300-meter outdoor range

Miscellancous range supplies and cquipnment

Specially constructed target (llomasote faced), Homasote Company,
Lower Ferry Road, Trenton, N..J,

hry Tce Freezer Unit
llochester Thermomecter

Plywood Anthropometric Silhouctte Target based on 1960 Dreyfus data

Dwyer Wind Meter, F.W, Dwyer Mfg Co., Michigan City, Indiuana
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Sdmn Liquid Ball

(Test Firing)




TEST REPORT
LESS LETHAL 40MM LIQUID BALL-1
(TASK 02-F-73, (QONIRACT

NO.  DAAIMS-73-C-0532
WORR ORDER NOQ, 10)

Prepared For
United States Arny

Land Warfare Laboratory
Aberdeen Proving Ground, Maryland

Ry

H.P. White Laboratory
Bel Air, Maryland

February 1974

P

Preceding page blank
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Hhis report presents the resnlts of injtial teats ol less lethal
I Liguid Ball rounts an accordance with the provisions of

tontract Moo INADOL=-T3-0C-0537, Task O2-1-73 fan apreenent hetween
the Hs, Ay Land Wartare Laboratory and HoPo White Laboratory),
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SECTION 1. SCOPL QF WORK

PSPPSR P p——

1. OBJECTIVE

The objective of these tests was to provide the external bhallistic data ,
necessary to assess the ballistic perfecrmance of the  40mm Ligquid Ball less .
lethal ammunition,

2. MATERIALS i

The following materials were used in the conduct of this test progriu:

4)  40mm Liquid Ball less lethal projectiles (sce Figure 1),

b) Grenade Jauncner, 40mm, M79, Serial No, 47637,

¢) Miscellaneous range and photographic equipment (sce Appendix .

5. SCOPL OF TLESTS

Scventy-eight (78) rounds of 47 Liquid Ball wmunition were fired
on an instrumented indoor range to determine velocity, accuracy, muzzle
exit phenomenia, relative inpact characteristics and the effect of shooter
stress on accuracy.  Ten (10) rounds were [ired on an outdoor range to deter-
mine maxuaun range and maximon effective hitting range when the projectiles iare sub-
jocted to envisommental variables such as wind.,  Sceven (7) rounds were {ired
to detemiine the effect of cold temperature firing.  (scc Table 1)
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SECTION 1I. PROCEDURE

.1.

VELOCITY

a) The velocity of twenty-one (21) rounds of the 40mm Liquid Ball

b)

projectiles was derived {rom data collected by cerecting lumiline
screens 5.06, 8.06, 14,9 and 17.9 feet (1.5%, 2.46, 4.54 and 5.46
meters, respectively) from the muzzle of an M79 Grenade Launcher
fired from the prone/rest position. The outputs of these screens
activated time interval counters from which the velocities at 2 and
S meters from the muzzle were calculated.

Velocity of eight (8) of the 40mm Liquid Ball projectiles was
calculated from data cxtracted from high speed motion pictures of
the muzzle and initial few feet of projectile flight recorded by
16mm Fastax motion picture cameras positioned 4 feet 8 inches to

the right of the line of fire and 9 inches in front of the muzzle.

The film speed, used to compute the projectile velocity, was

dctermined from timing marks on the film created by a time pulse

generator.,

2. PROJECTILE ENERGY

Projectile energy of the 40mm Liquid Ball projectile was calculated by
applying the unfired projectile weight and the velocity data derived per 1,

above, to the standard encrgy formula--

,
Kinetic Lnergy - (1/2) MV©

3. ACCURACY

The accuracy of the 40mn Liquid Ball ammunition was determined {rom
the impact data on a target constructed of 2 x 4" wood backing, 1/Z-inch thick

llomasote and faced with paper. The accuracy of the ammunition was detcermined

by measuring the horizontal and vertical dispersion from the aiming point on
the target. Standard deviations in the x and y directiens and the mean radius

were calculated.

4. IMPACT CHARACTELRISTICS

Indentations in the Homasote, produced by cach projectile impact, were
measured using a depth micrometer and the average indentation was calculated.

Indications of projectile attitude at impact werc observed and noted.

These

data were collected from the target when po.:tioned 6.4, 20, 35, 50 and 70
meters from the muzzle of the prone/rest fired M79 Grenade Launcher,




5.  EFFECT OF SHOOTER STRESS ON ACCHURACY

Three (3) shooters tfired ten (10) rounds ecach at an anthropometric
silhouette target positioned 35 meters from the shooter. In order to induce
stress, each shooter was told that he would have an average of 4 scconds
(varying from 3 scconds to 5 scconds) to shoulder the M79, sight and fire at
the target. This timing was accomplished by utilizing a cardboard shicld which
obscured the shooter's view of the target before and after cach shot. Ho
warning was given before the shield wos raised and the time interval started.
Tne coordinates of cach shot in relation to the crotch arca of the silhouctte
were recorded,  Whether or not a hit had been scored on the man-size silhouctte
was recorded and any hits in critical areas (groin and cycs)were noted, Standard
deviation of the x and y coondinates and the mean radius were calculated from
these data.

0. MWNITMUM RANGE

The M79, with its barrel elevated 30° from horizontul, was fired from a
bench rest on a 100-neter outdoor range. After each shot, the distance the
projectile traveled before its initial impact with the grourd was mecasured
as well as the deflection right or left of the line of sight.

T MANIMUSD BFFRECTIVE HITTING RANGE

The M79 Grenade Launcher was bench rest fired at an anthropomctric
silhouctte target positioncd SU meters from the muzzle. After two (2)
firings without scoring a hit un the silhouette, the target was moved to
35 meters.  Alter three (3) {irings without scoring a hit on the silhouectte,
the target was moved to 20 meters for the remaining two (2) firings. Wind
velocity at cach firing was measured using a Dwyer Wind Meter., Silhouctte
target hits and misses, impact coordinates, and flight time from muzzle to
target (timed by stop watch) were recorded, Estimate of the maximunm ef fective
hitting range was the average of three (3) observers opinion of range at which
tactical hits could be expected under test conditions.

8. COLY TIMPERNDIRE FIRING

Seven (7) of the J0mn Ligquid Ball projectiles were stored at -45°F for
24 hours. They were then stored for one additional hour at 0°F immediztely
before being fired from the machine rest mounted M7Y Grenade Lawuncher. Lach
shot was fired remotely.  The firved cartridge case and the M79 Grenade
Launcher were examined for damige after cach shot. Impact coordinates and
the indentation in the Homascte faced target were measurcd and recerded.




e e v e e
XUNEW T vernn s eon L A

9. MUZZLE EXIT PHENOMENA

Twelve (12) 40mm Liquid Ball projectiles were photographed as they exited
i the muzzle of the launcher, light (8) rounds were photographed using two (2)
lomn Fastax high speed motion picture cumeras simultuncously. One Fastax .
i camera was positioned perpendicular to and 4 feet 8 inches from the .o of fire,
9 inches forward of the muzzle. The other Fastax camera was positioncd 38.3
feet forwavd of the muzzle, 3 feet to the left of the linc of fire and focused
on the muzzle. Both cameras ran at a nominal 4000 {ram.s per second, Four
(4) rounds were photographed using a Lirhof 4' x 5 camera positioned 4 feet
to the right and 3 foot in {ront of the muzzle. Four (4) General Radio
""Stroboslave" recycling flash uni*s were pulsed at .0013 sccond intervais
for a flash duration of .000003 scconds cach. These strobes provided four
(1) cxposures of the proectile within 14 inches of the muzzle, Projectile
muzzle exit was studied by examining the 16mm high speed motion picture film
and enlargements of the 4" x 5" microflash photographs (sec Figures 2 thru 5).
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10, SAFED

In addition to normal safe’v procedures foliowed during firing,
personnel were required to wear respiratory protection d_uring conduct of
the test to preclude inhalation of any small droplets of the glycerin and
water mix in the projectile which might have been acrosolized upon target
impact,




SECTION LTI, RESULTS
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; 1. VEROCTTY

Fable I is a sumpary ot the velocity dat. contained on the data shects
ot A\ppendix A,

gt e mrerim = e

TABLL T1.  RESULTS OF VELOCITY TESIS (fap.s.)
J0mm Liguid Ball

; N Tieiel FGL 2m* Sm*
! (8 rds) (21 vds) {21 rds) |
¥
13 |
: slax inum 305,53 2701 202,0 !
|
Minimun 263,49 223.8 220.2
Average 27501 245,9 2o, 2 ; :
i k
. . . . ! E.
*amiline screens/time interval counter ! i
- ~ 1
(accuracy - 3 t.p.s.) .
**ligh Speed fketion Pictures
] faccuriac: 0 20 fopasy)

2. PROGECTLLE ENLRGY

iable TH1 is o summary of calculations based on the data contained in
Appoindix A,

TABLE 111, PROJLCYTLL: ENERCY (ft-1bs)
Jomm Liquid Ball

Muzzle 2m Sm

sfax tmam 95,2 74.5 7.5

Minimm 05,9 51.2 9.5 '

| Average

~3

~)

.

2

| )

.

(92l

o

N

-~ .

<
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| |
' 3.0 AUCURACY i
Table 1V is a swmary of calculations hased on the data contained in g
Appendix A, i
TABLLL IV, RESULTS OF ACCURACY ‘iads .
4 Liguid Bal!l
Group Ceiter TXtreme “Standard
Target (from point of aim) Spread leviation Mean
pistance (in.) {in.) {in.) Radius
| (neters) X v X y X y (in.)
0.3 -0.2] +S.0 3.2 0 5.0 1.5 1 2.0 1.9
20 0,5 | +10,2 52.8 (04,9 35.7 (22,2 31.9
35 =213 ] +loln 50.5 [75.8 18,3 22,5 21.8
K1V +39.3 | -10.0 59.4 185.5 21.0 [29.0 25.0
70 +14.8 1 -3.1 25.8 [48.4 1 s.0 1501 12.8
L i —
T IMPACT JQINRATTERISTTES
r Fable V1. a swmary of calculations based on the data contained in
Appendix A,
TABLL Voo ISDENTATTONS OF  HOSASOTTE
Jomm Liguid Ball
i Target Twverage 1 Calinnman Maximum
E Drstance Indentation Indentation Indentation
[ _meters) (in.) ' (in.) __(ill.)
o oo | LOT0 1Yo
20 L0119 , 0 L0451
{
35 038 [ 031 NIRR
[
S0 12 | 0 L
]
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? S0 LeFLOT QF SHOOTER STRLSS ON ALGURACY $“
v 3
: Table VI s a smmry of the valeulations based on the data cuntained in
.\i)il\'ll\l 1N Al "
TABLE VI, SUMMARY OF STRESS TEST RESULTS
A0mn, l.iquid Ball, Target 35 Meters
[ uroup Conter Latreme Stanagiard ] _ -
! ({rom point of aim) Spread Deviation | dean | Totul Hits[Hits on .
i {in.) . (inl) (in.) Radius on Critical
' Shooter X y P Xy X y ;(in.) |Silhouctte| Arca
1 T >
A Po-4.2 £7.9 1039013201 31,0 40,0] 4.2 J 0 ,
|
i +17.8 «8,3  J ol ] 73.7] 20020 23000 25,2 1 1 &
‘ +10.0 w89 bagoodan2] 10.2] 15020 19,2 2 2 r
| ! |
. | i

0. MAXIMM RANGL

Table VIT is a sumsary of the data contained in Appendix .

TABLL VI, MAXIMUM RANGLE
Hmn Liquid Ball

S

Jistance
(meters)

Deflection
(meters)

Max1laun
Minimum

Average

l

122.0
108,0

a7

5.0right

n line of sightl

4.0-right

b-13




7. MAXIMUM EFFECTIVE HITTING RANGE

Table VIIT is 4 sumnary of the data contained in Appendix A,
TABLE VILL,  MWNIMM EFFECTIVE HITUING RANGL
Jmm Liquid Ball
I Croup Tenter [ Standard Average
(from point of | Deviation Mean Winrd Flight
mn) (in.) (in.) Padius Velocity Time
¥ X v iin.) Hits | (m.p.h.) (secy) Remarks |

I
I
; [ TARGED DESTANCE 50 METERS
! .
: - - - - - 0 6.0-9,5 - n round broke in
i flight =
. . |
' i FARGLL DISEANCE: 36 MUTERS i

. ! i |
DLTO | e8L8% 500 1;.4*| 41.:*| 00 wL3-12,00 0.3k i
! I
; TARGE LD DS TANCE 20 METERS
i
D g3 b 0.8 2 1 1Lou-l0) o
. i | |
R rounds e N i o ]

Powns the opinion of the three (3) observers that the maximun elffective
range at which tactical hits on a man could be expected was approximately
20k ters,

S, LD THAMPLRNTURL FIRTNG
calile IV IS a sumaary of tne aata contained in Appendia A\,
TABLL TN COLD TEMPERNTURE FiRTNG

(7 ROUNDS)
Atham Ligquid Ball

TUroup Center Standard
ftrom point of | Deviation o Mean Indentation

RSE) (i1 {in. ) »Radius in Homasote
| i\ Co(in.) (in.) Remarks
("—_’ﬁr—"‘—‘ T - -
Poas | «1005% 20,0 ’14.4* 20, 1% NIRRE

1

1 *5 rounds only ! l i

- e — ‘ - et e e e ]

Projectile tiiler (005 glvcerin, 107 water) appeared to be in a solid
state at impact. Pispersal characteristics appeared to be reduced to approximately




1/3 the size of those fired at room temperature. Two (2) of the seven (7)
rounds did not reach the target--one was observed to break in flight and we
were unable to account for the other., The mean radius of the five (5)
measurcable impacts (20.4 inches) cainot be directly compared to the mean
radius of 21.8 inches from the room temperature firing.

9. MUZZLE EXIT PHENOMENA

The muzzle exit of twelve (12) rounds were recovded photographically--
cight (8) with high speced motion pictures and four (4) with multistrobed
microfiash,

Analysis of the film revealed:

a) Rounds number 34 and 36 show the projectile spilling its liquid
filling near the muzzle,

e

h) Ten (10) of the films show the sabot opening and no apparent
abnormalities.

¢) tour (4) of the films were ruined in development,

d) One of the four microflash (Figure 4 ) shows the projectile spilling
liguid.

a0
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OBSERVED DATA

MAXIMUM RANGE
; M79-40mm Liquid Ball
: Barrel Elevated 30°

-, Date: 5 February 1974

P Temperature: 30°F, variable wind
(left to right)

]
Round No. Range Deflection Remarks :
(meters) (moters) i
|
79 108 5.0-right
80 122 4.0-right |
i
81 111 On line |




OBSERVED DATA I ]

COLD TEST
40mn Liquid Rall §
!
b
Date: 12 February 1974 ) :
i
Ammmition: Stored at -35°F for 24 hours, :
Stored at 0°F for 1 hour immcdiately betore firing. i
Michine rest, lanyard fired ;
Tarwet: 35 meters i

\iming Point; 47 1/2 inches high

F""‘ :

Round X 4 v . Indentation
F__Ao. (in.) ,  (in,) " (in,) Ruggrks
{
82 +12,2 @ +20.7 | .025 Lven spray on target, !
i ' !
83 +7.2 +5.3 | L050 Lven spray on target, i
o8 +29.0 -7.5 013 Little spray on target,
i ! !
55 Po-10,3 +1.5 i L0106 ‘ No sprayv on target,
) : Round ampact mark,
| | I
! So l -14.1 ! +23.7 ) 043 ['No spray on target,
: ‘ ! ! I Round impact mark,
! i ' .
pos7 b unk Unkh Unk
| . : ! :
38 ' - ; - - Ball broke in flight at approx
' _ 35 meters, sabot found wet
Inside and out.




Date:

UBSERVED DATA

MAXIMUM EFFECTIVE HITTING RANGE
40mm Liquid Ball

1 March 1974

Temperature: 45°F, varishle cross wind

right to left

Tmpact T
Coordinates |[Silnouctte Wind Flight
Round {(in.) Hit/ Velocity Time
No. X v Missed (m.p.h) [ (sec.)] Remarks
TARGLT DISTANCE 50 METERS
i
89 - ’ - Missed i 6.0 - ! Broke in flight. Hit
} ground at 30m,
i |
90 - I Missed 9.5 - ilit ground at 40m.
TARGLT DISTANCE 335 METERS
91 - - Missed 9.5 - Hit ground at 28m.
92 -39.71 +17.6 | Misscd 11.0 0.3
1
approx !
93 -120.0 0{ Missed 12.0 0.3
~ TARGLET DISTANCE 20 METERS
94 -7.S| -14.,2 Hit 11.0 0.2
a5 +5.,4 -11.3 Hit 12.0 0.2

0-33
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| % CALCULATED DATA
, ;
i
' t ACCURACY
‘ i 40mn Liquid Ball
: i 6.4 Meters
{ :
‘ ; Round No. Coordinates Calculations Radius
’ Coe (in.) (in.)
| i -.2 -
; x y x -2 -9l
; 1 -03 +7.0 0.01 2.56 1.6
j : 2 0 +8.9 0.04 0.09 0.4
3 +1.5 +10.4 2.89 3,24 2.5
% 4 +1.3 +7.4 2.25 1.44 1.9 '
3
E 5 -1.7 +0.1 2.25 6.25 2.9
l ‘
: 6 -1.3 +8.8 1.21 0.04 1.1 1
7 1.1 +11.7 0.81 9.61 3.2
% '.
! I
E
| i
:
i
?
[ . X y !
(in.) (in.) §
Standard Deviation . o 1.3 2.0 o %
. ]
Mean x=  -0.2 v=+8.6 - 1.9
Extreme Spread 3.2 5.6 == .- - l
=35
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CALCULATED DATA

ACCURACY
Hmm Liquid Ball
20 Mcters
1 . eatot |
Round No. Coordinates Calculations ka us !
; (in.) Gna) |
| e T3 '
L X (x-x) ty - y) l
} 8 +24,5 -35.9 | 570.00 2125.21 52.0 i
I
l 9 +0.5 +15.7 81.00 30,25 10.5 !
' |
. :
| 10 “10.9 $25.0 | 129,90 179,56 17.6
f 1 $17.2 «21.0 | 278.89 216,09 22.2
| 1
; 12 30,5 +29.0 | 1521.00 353.44 4.3 |
| 15 -13.3 S10.4 | 190,44 0.04 13.4
|
: 14 -63.0 +3.8 | 4032.25 10,96 63.8
| | _
!
i 1 i
i | . '
' i \
1 1
! |
| |
' ;
: i
, l
i !
i ;
X v -
. (wn.) (in.)
1
Standard Deviation - - 33,7 22.2 ---
Mean X= +0.5  |y=+10.2 - --- 31.9
lixtreme Spread 52.8 04.9 == - o
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CALCULATED DATA
ACCURACY
40mm Liquid Ball
35 Meters
Round No. Coordinates Calculations radius
(in.) (in.)
x y x-0% -t
15 -26.2 +5.9 24,01 114,49 11.8
16 -41.7 +54,5 | 410,16 1436,41 43.0
17 +14.8 +24.2 | 1303.21 57.76 36.9
18 -17.4 +18.7 15.2) 4.41 4.4
19 -37.5 +17.1 262.44 0.25 16.2
20 ~19.0 +17.1 5.29 0.25 2.4
21 -22.4 -21.3 1.21 1436.41 37.9
X y
(in.) (in.)
--- ——- 18.4 22.5 ---
Mcan x= -21.3 |y=+16.6 --- --- 21.8
Extreme Spread 56.5 75.8 .- --- ---
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CALCULATED DATA

ACCURACY
40mm Liquid Ball
50 Meters
Coordinates Calculations Radius
(in.) (in.)
X y (x - x)° (y - 9)2
+72.0 -63.0 | 1069.29 2809,00 62.3
+35,1 -7.3 17.64 7.29 5.0
+32.4 -13.6 47.061 12.96 7.8
+54.9 -5.5 243,36 20.25 16.2
+12.6 +22.5 712.89 1056. 25 42.1
+28.6 +7.0 114,49 289,00 20.1 i
I
l
|
1
!
X
(in.) (in.)
Standard Devidation --- -—-- 21.0 29.0 ---
+39.3  |y=-10.0 --- --- 25.6
Extreme Spread 59.4 85.5 --- —-- ---




e e |
i

CALCULATED DATA

ACCURACY
TIMED FIRE
40mm Liquid Ball
Round No. Courdinates Caleulations Radius
(in.) (in.)
) -2
X y (x - x) (y -vy)
49 +12,0 +19.5 4.00 112.36 0.8
! 50 +10,0 -0,06 0 90,25 9.5
51 0 +28,5 112,36 384,10 22.3
22 +21.0 +27.9 108.16 301.00 21.7
55 +10.,9 -6,7 39,69 243,30 16.8
' 54 -25.8 -0.6 ] 1324.90 240,25 39.0
55 [ +33.1 +20,5 506.25 134.50 | 25.3
! S0 | -0,5 +3.9 | 123.21 25.00 12,2
l _
: 7 +19,4 -12.7 77.44 400,56 ; 23,3
. i
| a8 +18.8 +14.8 67.24 34.81 1 10.1
{
[
|
{
I
X y
i (in.) {in.)
Standard Deviation -—-- .- 16.2 15.2 --
Mcan x= +10.6 |y= +8.9 ——- --- 19.2
Extreme Spread 58,9 41.2 —-- - - -
e 39
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ACCURACY
TIMED FIRE

CALCULATED DATA

40mm Liquid Ball

Round No. Coordinates Calculations Rauius
(in.) (in.)
x -0 v -»n’
59 +53.0 -25.0 | 1239,04 1108.89 48.5
ov -11.1 +40,8 835.21 1056.25 43,5
ol +11.0 +28. % 38,44 404,01 21,0
02 +12.2 +7.7 31.36 0.36 5.6
03 +27.3 +16.5 90,25 07.24 12.5
04 +27.1 +10.1 86.49 3.24 9.5
0> - - - - -
00 +33.6 +18,5 249,64 104,04 18.8
07 -8.2 +10.6 676.00 5.29 26.1
08 +15.0 -32.9 7.84 1697.44 41.3
X y
(in.) (in.)
Standard Deviation --- --- ¢0.2 23.0 -
Mcan x= +17.8 |y= +8.,3 --- --- 25.2
xtreome Spread 64,1 73,7 --- ——- .

e —— g ot Y



CALCULATED DATA

ACCURACY

TIMED FIRE
40mm Liquid Ball

[
I -
l Round No. Coordinates Calculations Radius
' (in.) (in.)
| 3 =
L X y (x - x) (v - )
0y +11.8 +17.4 256.00 90,25 18,6
70 +4,2 -30.6 0 1482.25 38.5
71 +17.4 -0.7 466, 56 213,10 20,1
T2 +27.9 +9,1 | 1050.41 1.44 32.1 |
|
T3 -21.0 +84.,0 392.04 5791.21 78.0 !
~4 $19.5 «30.4 | sol.on 702,25 35.0
75 13,0 37,5 | 327,01 2001, 16 gy
To 17,1 +35.7 | 1840.41 772.84 51.1 é
o7 +11.8 +21.4 250,00 182,25 20,0
i
78 770 -48.0 | 5299,84 3124.81 91.8 !
|
I
i
i
|
|
|
i
X v
(in.) {in,)
Standard Deviation .- --- 34.0 40,0 -
Mecan = -4.2 y=+7.9 .- —-- 41,2
Extreme Spread 104.9 132,0 --- - ahle

n-d1
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TEST INSTRUMENTATION
LQUIPMENT AND MATERIALS

Ochler Model 41B Chronotach, calibrated at factory in May 1973

Electronic Counters, Inc. Model 4010 Velocity Computing Chronograph,
calibrated at factory in .Junc 1973

Ochler Model 35 Lumiline Sereens

Fastax lomm High Speed Motion Picture Cameras

Woltensak Model 3100 Time Iulse Generator

Colortran 1000 Watt Lights

Wollensak 1000 Watt Lights

100-foot Rolls Kodah Iktachrome (7212) lomm High Speed Filim (GFE)
100-foot Rolls Eastman Double-X Negative (722) lomm High Speed Film
Vanguard Medel 1oC Motion nalyzer

General Radio Type 1539 ''Stroboflash' Microllash

General Radio Model 1531 Multi-ilash Generator

Linhot J4x5 Camera with Kodak 4.5, 135mm Lens

Royal Pan 4" x 5" Cut Film, Type 4141

Various darhroom and photographic equipment

100-meter indoor range having ceiling height of 12 feet

J00-meter outdoor range

Misceliancous range supplies and cquipment

Specially constructed target (Homasote faced), Homasote Company,
Lower Ferry Road, Trenton, N.J.

Dry Ice Freezer Unit
Rochester Thermometer
Plywood Anthropometric Silhouctte Target based on 1960 Dreyfus datu

Dwyer Wind seter (F.W. Dwyer Mfg. Co., Michigun City, Indiana)
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Figure 1. Recovered Components from a 40mm Liquid Round.
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12-Gauge Liquid Ball

(Test Firing)
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ABSTRACT i
This report presents the results of initial tests of less lethal :
12-Gauge Liquid Ball munitions in accordimee with the provisions of :
Contract No. DAADUS-73-0-0832, Task 02-F-73 (an agreement between
the U.S, Ammy Land Warfuare Laboratory and H.1'. White Laberatory). )
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SECTION 1, SCOPE OF WORK

1. ORJECTIVL

The objective of these tests was to provide the external ballistic data
necessary to assess the ballistic performance of the "Nelson Marking Pellet!

e TR ot Saeh AT ok O SAINTE W g TN

when fired from a 12 Gauge ML200 riot gun and also from a CO, powered Marking ;
Pistol, - -
b

:

2. MATERIALS :
The following materials were used in the conduct of this test program: 5

i

a) 12 Gauge Liquid Ball iNelson Marking Pellets) less lethal §
projectiles (see blrgure 1). :

b) 12 pauge shot shell cases specially loaded. é

¢) MI200 12 Gauge riot gun (Scrial No. L571489). ?

Jd)  UNel-Spot QU7 (O, pistol and CO, power charges, iSee Figure I)

¢! Miscellancous range and photographic cquipment (see \ppendix C).

3.0 sStobL OF TESTS

Eighteen (18) rounds of 12 Gauge Liquid Ball wmunition were fired
on an instrumented indoor range to detegmine velocity, accuracy, muzzle
exit phenomena, and impact characteristics.

Forty-five (45) "Nelson Marking Pellets' were Cired from a "Nel-Spot 007"
marking pistol (CO,) on an instruwiented indcor range to determine velocity,
accuracy, muzzle efit phenomena, mmpact characteristics, und the ceffect of
shooter stress on accuracy.  Ten rounds were fired on an outdoor range to
determine maxamum range and maximuwn ¢ffective nitting range when the pro-
jectiles are subject to envirommental variables such as wind.  ‘three (3)
rounds were tested to determine the cifect of cold temperature.  (sce Table 1)
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SECTTON 11, PROCEDURI;

o VEOCTTY

4) The velocity of fifteen (15) rounds of the 12 Guuge Liquid Ball
ammmition firced from ap MLI200 riot gun and twenty-one (21) Nel-Spot
Mirking Pellets fired from a "Nel-Spot 007" pistol was derived from
data collected by crecting lumiline screens 5,00, 8,06, 14,9 and 17,9
feet (1.54, 2,40, 1,54, und 5,36 meters respectively) from the muzzle
of the prone/rest fired test weapon,  The outputs of thesc screens
activated time intesval counters from which the velocities at 2 and
5 meters from the muzzle were calculatoed.

by Velocity of two (2) cach of the 12 Gauge Liquid Rall and Nel-Spot
Marking Pellets was caloulated from data extracted from high speed
motion pictures of the wuzzle and inttial few feet of Lrojectile flight
recorded by lonm Fastax motion picture cameras positioned 4 feet
8 mches to the right of the line of fire and 4 inches in front of
the muzzle,  The Cilm speaed, used to compute the projectile velocity,
was detennined from timing warks on tne film created by a time pulse
generator,

2. PROIECTILE ENLRGY

Projectile encrsy was calculated by applying the untired projectile i
weight and the velocity data derived per 1, abwve, to the standard encrgy
formula--

Rl

Kinetic knerpy - [1/2) VT ;

5. ACCURMY

The accuracy of the 12 Gauge Liquid Ball meunition was determined {rom
impact data on a target constructed of 2 x 1" wood backing, 1/2-inch thick
| Homasote and faced with paper.  The accuracy of the ammunition was determined
by measuring the horizontal and vertical dispersion from the aiming point on
the target.  Standard deviations in the x and v directions and the mean radius §
were calculated,

4. IMPACT CHARACTERISTICS

Indentations in the lomaso<e, prodaced by cach projectile impact, were i
measured using a depth micrometer and the average indentation was calculated, !
} Indications of projectile attitude at impact were obscerved und noted.  These i

data were collected from the target when positioned o.4, 20,35, and 50 meters
from the muzzle of the prone/rest fired test weapon.

e e i o
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% S, BFEICT OF SHOOTER STRESS ON ACUCURACY .
]
; Three (3) shooters fired tive (5) "Nel Spot Marking Pellets! cach at i
{ an anthropometric silhouctte target positioned 35 meters from the shooter.
i In order to induce stres:, cach shooter was told that he would have an average
! of 4 scconds (varying from 3 scconds to 5 seconds) to raise the pistol, sight
E and tire at the target, This timing was acconplished by utilizing a cardboard
: shield which obscured the shooter's view of the target before and after cach

shot. No warning was given before the shicld was raised and the time interval
started. The coordinates of cach shot in relation to the center of the chest
arcea of the silhouette were recorded. Whether or not a hit had been scored

o the mun-size silhouette wus recorded and any hits in critical arcas (groin
and eyes) were noted.,  Standard deviation in the x and y directions and the
mean radius were calculated trom these data.,

o, MWIMIM RANGE

The "Nel-Spot 007" Gas Pistol with its barrel elevated 30° {rom
horizontal, was fired from a bench rest on a 400-meter outdoor range. After
cach shot, the distance the projectile traveled before its initial impact with
the ground was measurcd as well as the deflection right or left of the line
of sight.,

-

7o MAXTIMUM EFFECTEVE HUTTING RANGE

The "Mel-Spot 007" Gas Pistol  was bench rest fired at an anthropometric

stlhouctte target positioned 35 meters from the muzzle. After three (3) !
firings without scoring a hit on the sithouette, the target was moved to i
20 meters trom the muzzle for the remaining four (4) firings. Wind velocity 1

at cach firing was measured using a Iwyer "Wind Meter.'" Silhouctte target
hits and misses, impact coordinates, and flight tive from muzzle to target
(timed by stop witch) were recorded.  Estimate o, oximum eftfective hitting
range wis the average of three (3) observers opinion of range ac¢ which
tacticul hits could be expected under test conditions.

S, COLD TEMPERNITRE FIRING

PP

Three (3) of the "Nel-Spot Marking Pellets' were stored at -15°1 for
24 hours. They were then stored for one additional hour at U°Fb before ocing }
loaded into the machine rest mounted "Nel-Spot 007" (O, pistol., It was planned
that cach shot was ta be remotely fire and that impact™coordinates and the
; indentation in the "Homasote' {aced target were to he measurced and recorded,
: This procedure was altered during testing,  (See SECTION 11, RESULTS)
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O, MIZILE EXTT PHENOMENA

Three (3) 12 Gauge Liquid Balls  were photographed as they exited the
muzzle of the MI200 riot pun, ‘wo (2) rounds were photographed using two (2)
lomn Fastax High Spead Motion Picture cameras simultancouslv,  One Fastax
camera was positioned perpendicular to and 4 feet 8 inches from the line of fire,
9 inches forwiard of the muzzle. The other Fastax camera was positioned 38,3
feet torward of the muzzle, 3 feet to the left of the line of fire and focusad
on the mazzle, Both cameras ran at a nominal 4000 frames per scecond,  the
third round was photagraphed using a Linhof 4" & 5" camera positioned 4 feet
to the right and 1 foot in tront of the muzzle. Fowr (1) General Radio
"Stroboslave" recycling flash units were pulsed at L0013 sccond intervals
for a tlash Juration of 000003 secomds cach.  These strobes provided four
() exposures of the projectile within 17 inches of the muzzle.  Six (v)
"Nel-spot Marking Pellets' were photographed as they exited the muzzle of
the "Nel-Spot 007 CO) pistol. Two (2) rounds were photographed using the
Tomn Fastax equipment=as described above,  Four (4) rounds were photographed
using the recycling flash units described above,  Projectile muzzle oxit was
studied by examining the lonm hieh speed motion picture film and enlargements
ot the ' X3 microf lash photography (Sce Figures 3 thru 7).,

10, SAFRTY

Normal satety procedures were used during the vonduct ol these tosts,
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SECTION 111, RESULTS

1. VELOCITY

Table 11 1s a summary of the velocity data contained on the data sheets
of \ppendix A,

TABLE I1, RESULTS O VELOCITY TESTS (f.p.s.)
12~Gauge Liguid Ball

12 Gauge Liquid BalT, TReT-5pot MarKing Tellets)
M1200 12 Gauge Riot Gun

pMuzzlo*s 2m* Sm*

(2 rds) (15 rds) (13 rds)

Maxinuum 171.5 404,99 351.0
Minimum 390.5 271.0 157.0 i
Average 451.,0 352.8 270.3

Nel-spot Marking Pellets
Nel-spot 007 €O, Pistol

Muzzlok* ¥ Sm*

(> rds) (21 rds) (21 rds)

Max imun 350.5 288.9 205.8
Minimum 335.8 244 .4 220.4
Average 40,2 200.1 240.8

*Lumiline screens/time interval counter
(accuracy ! 3 f.p.s.)
**tligh Speed Motion Pictures
(accuracy *+ 20 f.p.s.)
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E 2. PRQJECTILE ENERGY
! Table 111 1s a swmary ol calculations based on the data contained in
f Appendix A,
l TABLLE 111. PROJECTILE ENERGY (fu-1bs)
; 12 Gauge lLiquid Ball
[ : 12 Gauge Liquid Rall(Nel-Spot)/12 Gauge Shotgun
r ! Muzzle 2m Sm
; {2 rds) (15 rds) (13 1ds)
';, Maximum 20.3 15.0 11.3
: Minimun 14.0 0.8 2.3 :
. ; |
i Average 17.2 11.5 7.3 [
Nel-Spot Marking Pellets (Nel-Spot 007 Cu,Pistol)
Hizzle 2m Sm
i 2 rds) (21 rds) (21 rds)
b
' Max imwn 11.0 7.0 0.5 ,
' :
Minimum 10.3 5.5 1.7 i _
i
Y Average 11.0 0.2 5.3 | i
| |
| B
b . Fé
!
L.
3
.
x
.
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5. ACCURACY

Table IV is a summary of calculations based on the data contained in
Appendix A,

TABLE TV. RESULTS OF ACCURACY TLSTS
12 Gauge Liquid Ball

Group Center Extreme Standard !
Target (from point of aim) toread Deviation Mean
Distance {(in.) (in.) (in.; Radius
gneters) % y X y X oy {in.)

12 Gauge Liquid Ball (Nel-Spot Marking Pellets)
ML200 12 Gauge Riot (Gun

o4 +U.4 +0,2 12.3 13.8 4.2 5.1 5.4

20 Projectiles broke in flight., 2 of 7 rcuched target.

Nel-Spot Marking Pellet
i Nel-spot 007 CO, Pistol

. 0.4 -1.2 +0.9 9.2 6.2 2.9 2.3 2.9
: 20 -5.4 +3.7 14.0 40.7 6.1 14.2 12.8 !
35 -22.7 -5.1 47.5 54.7 13.2 19.8 19.5 l

3. IMPACT GARACTERISTICS

None of the 12 Gauge liquid Balls or Nel-Spot Marking Pellets
produced u neasurable  impact on the llomasote faced target.
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5. EFFECT OF SHOOTER STRESS ON ACCURACY

Table V is a summary of the calculations based on the data contained in

Appendix A.
TABLE V.  SUMMARY OF STRESS TEST RESULTS
Nel-Spot Marking Pellets - Nel-Spot 007 CO, P'istol
Group Uenter Extreme ] Standard o _
{from point of aim) Spread Deviation | Mcan | Total Hits|llits in !
(in.) (in.) (in.) |Radius on Critical %
Shooter p y X y X y | (in.) | Silhouette| Arca ;
A +10.1 -33.4 | 22.1] 12.0] 8.3] 4.9 7.1 1 0 E
B «22.1 213,35 | 518 s0.7] 19,20 12,7 190 1 0 :
¢ 2242 | c2900 | 2000 staf 127 1] 143 0 0 %
@
!
i
i
|
H

6. MAXIMUM RANGE

Table VI, is a sumary of the data contained in Appendix A,

TABLE VI MAXIMUM RANGL
Nel-Spot Marking lellets -
Nel-5Spot 007 €O, I'istol

Distance Deflection
(meters) (meters)
) 1
? i Maximum 070 21.0-rioht 1
. i o
; Miniimaon i (ORI J.0-rignt
i Average a7 P23 right
i | A |
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7. MAXIMUM EFFECTIVE HITTING RANGE

Table V11 1is a summary of the data contained in Appendix A.

TABLE VII MAXIMUM EFFECTIVE HITTING RANGLE
Nel-Spot Marking Pellets - Nel-Spot 007 CO2 Pistol

Impact Average
Coordinates Find Flight
| (in.) Velocity Time
i X y Hits (m.p.h.) (sec.) Remarks
T

TARGET DISTANCE 35 METERS (3 ROUNDS)

-70.5 -31.0 U 9.0-9.5 0.8% 2 projectiles impacted
ground at 25 and 30
meters.

TARGET DISTANCE 20 METERS (4 ROUNDS)
-7,9%% -1.06%% ] 10.0-11.5 0.5* 1 projectile broke in
bore at firing

*One round only,
**Three rounds only,

It was the opinion of the three (3) observers that the maximum range at
which tactical hits on a man could be expected was approximately 10 meters,

6. COLD TEMPERATURE FIRING

The Nel-Spot Marking Pellets expanded during the cold storage conditiovning
s¢ that they would fit into the magazine of the Nel-Spot 007 CO2 pistol but
would not enter the chamber, No shots could be fired.

Y. MUZZLLE BXIT PHENGMENA

The muzzle exit of three (3) vounds of 12 Gauge Liquid Ball was recorded
piiotegraphicaily--twe (7) with lomm high speed motion pictures and one (1)
with recycling microflash,  Apulysis of the film revealed:

a) Round No. 17 shows projectiic f3tler {paint) exitiig projectile
beginning approximately 10 inches {rom swzzle,
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b)

<)

Round No. 18 shows guas exiting the muzzle before the projcctile
and projectile spil'ing filler (paint).

Round No. 16 (microtlash) shows projectile tiller (point) exiting
projectile. (Sce Figure 3)

The muzzle exit of six (6) rounds of Nel-Spot Marking Pellets was
recorded photographically--two (2) with 16mm high speed motion pictures and
four (4) with recycling microflash,

a)

b)

<)

d)

Round 40 projectile obscured in gas (CO.,) durlng first 8
inches of flight--no abnommalities obsefved

Round 41 shows gas (CO,) exiting muzzle before projectile--
no other abnormalities?

Rounds No. 38, 39, and 40 the projectile is obscured by gas (Co, )
for approxlmdtclx 10 inches of flight,

Round No. 20 is obscured by gas (COZ) for approximately 20 inches,

o o
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OBSERVED DATA

MAXIMUM RANGE

Nel-Spot Marking Pellets - Nel-Spot 007 CO, Pistol
Barrel Elevated 30°

Date: 5 February 1974 -

Temperature: 30°F, variabie
¢ross wind (left to right)

|
Round No. Range Deflection Remuarks ; -

(metexrs) (meters)
| ol 62.0 4.0-right Did not break on impact with
i ground.
! 0l 65.0 12.0-right Did not break on impact with
: ! ground.

|

! 03 67.0 214 right Nid not break on impact with 4
| ground.

£-29




(BSERVED DATA

P s L L L T e

MAXIIMUM EFFECTIVE HITTING RANGE
Nel-Spot Marking Pellets - Nel-Spot 007 €O, Pistol

PR

TR A L T, St depod gV DT

Date: 1 March 1974

Temperature: 45°F, variable cross wind
right to left

Impact
Coordinates [Silhouettd Wind Flight
Rot_md (in.) H{t/ Velﬂ-.lt{ Time '
No. x y Missed n.,p.h (sec.) Remarks ;
TARGET PISTANCE 35 |METERS :
64 | -70.5 -31.0 | Missed 9.0 0.8
65 - - | Missed 9.5 - |Hit ground at 25m.
66 - - Missed 9.0 - Hit ground at 23m.
TARCET DISTANCE 20 |METERS 3
67 -13,5 +29,7 | Missed 1C.0 0.5
68 -18.7 -2Z.4 | Missed 10.0 0.5
69 +8.6 -12.0 Hit 11.0 0.4
70 - - Missed 11.5 - Broke in barrel.,




OBSERVED LATA

T COLD TEST

Nel-Spot Marking Pellets - Nel-Spot 007 (SO2 P'istol

Date: 12 February 1974

Ammunition: Stored at -45°F for 24 hours,
Stored at 0°F for 1 hour immediately before firing.

Laa e WL

Machine rest, lanyard fired
Target: 30 meters
Aiming point: 47 1/2 inches high

H Rourd X Y Indentation

i No. (in.) (in.) (in ) Remarks

i 1 - - Piint balls, when subjected

] T - - to cold temperature, expanded
73 - - and would not it into the

bore of the pistol,

k-3
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CALCULATED DATA

ACCURACY
12 Gauge liiquid Ball
6.4 Meters
‘ T T ] |
| Round No. : Coordinates Calculations Radius
i = (in.) (in.)
]

-2 -,2
X y (x - x) (v - vi

i

-
! i
! 1 t1.0 +4 Y 12.06 | 2209 [ 5.9
i '_» +2. 0 T 2. 56 0. 09 1.6 !
& :
| 3 -6.9 +7.0 53,29 53.29 0.3
’ 1
] 1 + 5.4 -2.0 25,00 9,24 5.3 I
i [
i ) -2.7 -6.3 1 961 42,25 7.2 |

' 7 + 0.4 +2.0 ! 0 3.24 i
) i ] —

‘ 3

. !

. E
: i
i i
| | |
k)
' ]
1 i
| ! h
| : . | 3
! | i 1
i -
| : ' ' X v I
! | I (in.) (in.) ;
! o : i
[ L \ - | ]
i Standard beviation --- --- 4,2 5.1 -—- |
]
- - _ i
{ Mean X= 44 Ve oyl --- --- .4 |
. , . i
l Extreme Spread 12,3 13. 8 - - - i
I j
E
: t-3%
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s - s maTe WECE PO F AT

CALCULATED DATA

ACCURACY
Nelson Marking Pellet
6.4 Meters

# 7o AR R A Sk ¢ SN S R

Coordinates Calculations

(in.)

X Y

(x - x)

(,V' - \')

Radius
(in.)

1y -6.4 -2.4 27.04 10. 89 6.2

(3%

20 1.4 2.6 0.04 .89 1.7

+1.1 + 0.7 .29 0.04 2.3

N

°2 -0.3 + 1.0 0.81 0.01 0.9

23 2 8 1.7 16. 00 6.6 4.8
21 -1.9 +3.8 0.49 8.41 3.0 ;
25 2 9 W23 1.00 1,96 1.7 3

S mls cmand s amcmet et Sk o et Yo ne MY LA i 5t

!

l - |

| ! X N

i (in.) (in.)
Standard Deviation --- Cm 2.0 2.3 -—-- :

z N . ]

Mcan X= .1.2 v= +0,9 - ——- 2.4 :
ixtreme Spread 0.2 6.2 --- -~ --- !




L e e T U TR Y T = e

r'vr' EFTISLTES

e —— . v ————— T YTV

— e s Te——
e gy - T

ACCURACY
Nelson Marking Pellet
20 Meters

CALCULATED DATA

© =y - ———— v —r T YT

[ B
; . . l .
i i Round No. Coordinates valculiations Radius
t ! (in.) (in.) !
[ ! . ) |
? : x y (x -~ x)~7 (- v)" {
| | ]
: ! i
E ? 26 0 23,0 | 13.69 T12. 89 27.0
; . |
, : 27 TR 29,6 1,00 86, 49 9.4 _e
H ) |
i i i
j i 28 +1.6 £10.2 | 49.00 42,25 9.6
i
f ; |
: 24 -0.9 +1,2 20,25 6,25 5.1 |
|
{ ‘ 5 +1.6 +11.0 49.00 53.29 10,1 )
L . |
. |
i‘ ! 3 -11. 8 +14.3 40,96 112,36 12.4 !
‘ ! ,
! i <o -12.4 $17.7 49,00 106,00 15.7 .
| o =
! :
| [l
i ] |
! ! - |
| | |
;
! i
i
j
J
I
| |
| 4
I X v ‘l
(in.) (in.}
1
Standard Deviation --- -—- 0,1 14.2 --
3 Mean %= 5.4 y=+3.7 ——- 12.8
Extreme Spread 14. 0 40.7 --- --- ---
{ - 38

Y

IR FOVERS Y
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B e

ACCURACY

CALCULATED DATA

Nelson Marking Pellet

35 Meters

o Y ot e T S TAD ¢ Ay v, T A T 1S AL 7 SRR O S T e e e

Round No. Cosrdinates Culculations Radius
{in.) (in.)

X y (x - x) ly - y)
33 -3u. 0 -9.7 265.69 21.16 16.9
54 -17.8 -15.4 24,01 106,09 11.4
35 -43.7 +1.1 441.00 148. 84 24,3
30 -15.4 -15.9 47.61 116. 64 12.8
37 -16.9 -16.6 33.64 132,25 12,9

|
58 -17.0 -19.8 32.49 216,09 15.8
34 -8.5 +34.9 201.64 1600, 00 42,5
X Y

{in. ) (in.)
Standard Deviatlon --- -- 3.2 19.8 —--
Mean X= =227 v= -5, --- --- 19.5
Extreme Spread 47.5 54,7 -- --- ---

o

.
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CALCULATED DATA

ACCURACY

Timed Fire
Nelson Super Spot
_ MarKing l‘c]I let

T T t
| ! ! [ ‘
: .' Round No. i Coordinates | Caleulations . Radius ;
‘ ! ; _(in.) E S B 1
: i i : i R . :
: : : X y I (x - x)7 ! (y - v}~ . :
f ; i o i ! ; !
] . 1
1 L w700 ] 23600 { 9.61 | 6.70 | 4.1 -
] . [ '
: ¥ SRS DR X S N U3 B 0 I U B
; 5 " LTS B L sdal s
f | 19 Ce70 3001 i N 10.89 4.5 5
' H I ' fl
; 50 Looelo Ded01 7225 ) 3489 ¢ 10.8 ?
- : - — ; ‘ ;
: X ‘ r ! i
. ' 1 ' '
; . i ! ! !
3 : I' ; ! I ;
5 ; 5 ! .
i | i ! | i
', : % i ': !
I ' il
{ | ; : i
b : : = ; i : ;
i ; j ; : . . 3
: ¢ i 1 1 .
. : | | | |
. l | ' '
! : J i .
i | i | | ; !
! . ! 1 i | i
: : .
1 I 1 I ) ;
- ; : . ' | !
: | i i X v !
. : | Lo Aiml) i) :
: i i ! t ; :
I Standard Deviation; --- : --= B.33 ' 1,93 ! --- !
T o - ' | !
! Mean Ix= +10.1 I\ =33, --- ! --- ) 7.1
1 * . : 1
F{ . Lxtreme Spread [ 22,1 ¢ 126 | Se --- ;
i i i i !
-L | I

e e et e e
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CALCULATED DATA

ACCURACY

Timed Fire

Nelson Super Spot
Marking Peliet
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% L

q |

Round No. Coord@nates Calculations Radius !
| _ (in.) (in) |
1 - 2 -. H
! X Yy (x - x) Y- )’)2 !
; |
: 51 1.8 +2.2 571.21 240.25 28.5 :
: _ |
g 52 +24.0 -28.5 3.61 251.04 15.3 |
] 3
| 53 +50.0 -12.0 778.41 1.69 27.9 |
: 5 0.3 | -23.4 17.64 102.01 10.9 !
% 55 +12.0 -5.0 102.01 68.89 13.1 E
? |
| ! i
; !
| | '
: 1 ;‘
i l !
. | t
: i
1
i
|
!
{
{
| ‘
| i
i 1
. [}
: I
: X Y
‘ ' (in.) (in.)
! l
i Standard Deviation --- i --- 19,2 12,7 -—-
I - -
i Meun X= +22.1  [y= -13.3 .- - 19.1
! Extreme Spread 51.8 30.7 --- -- ---
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. i R 1 i |
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! A SIS0 G =300 L 1250 1000 10,7 5
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: TEST INSTRUMENTATION
! EQUIPMENT AND MATERIALS

1 - Oehler Model 41B Chronotach, calibrated at factory in May 1973

1 - Llectronic Counters, Inc. Model 4010 Velocity Computing Chronograph, 2
calibrated at factory in Junc 1973 ;

4 - Oechley Model 35 Lumiline Screens

2 - Fastax lémm High Speed Motion Picturec Cameras _
1 - Wollensak Model 3106 Time Pulse Generator f‘
I - Colortran 1000 Watt Lights g

2 = Wollensak 1000 Watt Lights

4 - 100-foot Rolls kKodak Lktachrome (7242) l6mm High Speed Film (GFE)
4 - 100-foot Rolls Eastman Double-X Négative (722) 16mm High Speed Film
I - Vanguard Model 16C Motion Analyzer
4 - General Radio Type 1539 "Stroboflash' Microflash
1 - General Radio Model 1541 Multi-Flash Gencrator
; 1 - Linhof 4x5 Camera with Kodak {1.5, 135mm Lens
6 - Royal Pan 4' x 5" Cut Film, Type 4141
Various darkroom and photographic equipment

100-meter indoor range having ceiling height of 12 feet

R N b B o

400-meter outdoor range
Miscellaneous range supplies and equipment

1 - Specially constructed target (Homasote faced), llomasote Company,
Lower Ferry Road, Trenton, N..J.

il ol e kgl L it o d il el il R

1 - Dry lce Freezer linit
1 - Rochester Thermometer

1 - Plywood Anthropometric Silhouctte Target based on 1960 Dreyfus data

1 - Dwyer Wind Meter, F.W. Dwyer Mfg Co., Michigan City, Indiana
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NEL-SPGT MARXING PELLETS
(DonG die2'es calor)
FOR ROVOTE RARR™ L ENINALY, TRIES. OR AL
MASTANYIUNG USe W1 ML SPIT 000" OR “700
MARKING Gl Bt ) COLOKED §1) CAP FROM TUBE
AND ROLL Canlinty 110 MAGRON(
LIMITED STORAGE LIFE <¥rer cont 2 (oY AvOID
FREEJING FLEMSIRE RECP 2GR o2 CHILOREN
—~HARMIYL 1f (ATLN
CONTLNTS: 12 14 UNIT TGBES
(168 NET COUNT)- MAOE IN USA,

BOLITAS MARCADORAS NEL-SPOT
(La frang2 ngsza ¢l color)
PLRA MAGCIR A DISTANTIA ANIVALES. ARBOLES Y
CASH TODA CIASE 2O SUPERFICHES USEYSE CON (a
PISTOLA NECSPOT “230° 0 19 - QUITESE 1A TAPA

PIRTADA £ INSERTENSE LAS GOUITAS (N £ MAGAZIK. :

OURKACION DE ALMACENAIE LIMITADA— GUARDENSE
EN UM LUGAR FRESCD Siv nutinen [vile QUF SE

CONGELEN (NO 1 &S &TUEE AL FUCGO TENGANS, |

ALEIADD DE 105 NIRCS  PELIGROSO A COMER

COMTERIDO: 12 CILINDROS CON 14 BOLITAS
CADA UND (168 BOLITAS EH YOTAL)
PROOUCTO DE EUA.

PLOMBS MARQUEURS NEL-SPOT

L2 dande ind:que 12 coulenr)
POGUR MARGUER A DISTANCE LS ANIMEAUX LS ARBRES
ET LA PLUPART RES*SURFACES UTIISER AVEC LE
PISTOLET A PLCA*RS AfL SPOT™U5) " 0U 107 * ENLEVER
1€ COUVERTLE COLORE €Y INTRODUIRE (($ PLOMBS
1-ANS LE MATASIN DU P:STOLET.
EMMACASINAGE LIMITE— CORSIRVER DANS UM EN-
DRQIT FRAIS £1 SIC [VIER LE GfL M PAS APPRO.
CHER DU FLL  TENIR ELOIGNE DES [NFANTS —DANGER-
EUX A MANGER
CONTENU: 12 TUBES &VEL 14 PLOMBS CHACUN

{TOTAL D 168 PLOMBS)

FABRIQUE AUX ETATS-UNIS.

NELSPOT MARKIERUNGSPLATZCHCH
{Des Stredfen zeight die Farbe an)

MIT GER NECSPOT “ 2000 0OFR 207 W ARKIERNNGS

PISTOLE ZU% FERMMARAICREn VON TiERIN BAUMEN,

UND DIE WESSTEN DRIRELADSEN JU GERRAUCHEN. DEN

GEFARBTEN DECAE. AFZUNCHMEN UND DIE PLATZCHEN

INS MAGAZIN EANJUSETZEN.

BEGREZTE LAGERZEIT . Kukl UND TROCKEN ZU
+ LAGERN—VOR FROST U SCHUTZEN  UMGANG BEI OF-
" FENER TLAMME VERMEIDEN SiCH VON KINDER §ERN-

TUHALTEN ~GEFankiICH 2y [SSEN.

GEHALT: 12 TUBE JEOE MIT 14 PLATICHEN
(168-ER PACKUNS] U.S.A. — ERZEUGNIS.

THE NELSGN PAINT COMPANY

IRON MOUNTAN, MI. 43811 !
MOMTGOMERY, AL, 36108 - McMINNVILLE, OR. 97128 I
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Figure 1. 12 Gauge Liquid Ball, Round and Components.
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